Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is a progressive and irreversible disorder that impairs quality of life,[@CIT0001] increases the risk of premature mortality and conveys considerable costs for both the individual and society.[@CIT0002] While smoking cessation reduces mortality among COPD patients,[@CIT0003] life-long inhaled maintenance medication of COPD reduces symptoms and exacerbations, increases activity tolerance and improves health-related quality of life.[@CIT0004]--[@CIT0006] Life-long inhaled maintenance medication is recommended in both international[@CIT0005] and the national Swedish guidelines for COPD management, except for the mildest stage.[@CIT0007] Because COPD is a chronic condition, once a patient has initiated inhaled maintenance medication, it should not be discontinued, unless the initial diagnosis was incorrect or the patient suffers intolerable side effects from the medication, which is not a frequent problem.[@CIT0005],[@CIT0008]

The evidence is divergent regarding the influence of socioeconomic factors on adherence with inhaled maintenance medication among COPD patients. Low socioeconomic position was associated with more moderate adherence in the USA,[@CIT0009] while in Denmark one study found an association with lower,[@CIT0010] and another with higher adherence.[@CIT0011] In a Swedish study, adherence was equal across age and gender categories but socioeconomic factors were not analysed.[@CIT0012] In Sweden, health-care management is a county council responsibility and geographical differences between counties in health-care quality are regularly monitored by the Swedish authorities.[@CIT0013] However, it is still unknown whether there are geographical and sociodemographic differences in discontinuation of inhaled maintenance medication (henceforth "discontinuation"). Therefore, the aim of our study was to evaluate such possible differences. We analysed 49,019 patients from 18 different sociodemographic contexts and residing in the 21 Swedish counties in 2010.

For the purpose of our investigation, we apply an innovative methodological approach called multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA).[@CIT0014]--[@CIT0017] MAIHDA is not a new methodology per se, but it may be viewed as a reorganization of existing multilevel modelling concepts. The MAIHDA approach proposed here stresses the relevance of performing a systematic analysis that simultaneously considers county and sociodemographic differences in the average risk of discontinuation and the extent of individual variation around such averages. This methodology allows the disentangling of geographical from sociodemographic inequalities. It also maps and quantifies the sizes of such inequalities and provides information on the discriminatory accuracy of the sociodemographic and geographical information when predicting discontinuation in COPD patients. Compared with traditional analysis based on differences between group averages, the MAIHDA methodology provides an improved tool for auditing geographical and sociodemographic inequalities in quality of health care.

Patients and Methods {#S0002}
====================

Databases and Study Population {#S0002-S2001}
------------------------------

We analysed a database constructed by record linkage between several Swedish registers with national coverage: the Swedish Population Register[@CIT0019] and the Longitudinal Integration Database for Health Insurance and Labour Market Studies (LISA), administrated at Statistics Sweden; as well as data from the National Patient Register (NPR),[@CIT0020] the Swedish Prescribed Drug Register (SPDR)[@CIT0021] and the Cause of Death Register,[@CIT0022] administrated by the National Board of Health and Welfare. We linked the registers by means of the anonymized personal identification number provided by the Swedish authorities.

Initially, we selected all 4,994,992 individuals aged 35--80 years who resided in Sweden on 31st December 2010. We then restricted this to 69,391 patients with a COPD diagnosis defined according to the International Classification of Diseases, 10th edition (codes at any position) as emphysema (J43) or other chronic obstructive pulmonary disease (J44). The NPR includes information from all Swedish hospitals on both outpatient external visits and inpatient discharges. However, it does not cover information on diagnoses in primary health care. Next, we excluded 16,402 patients without previous inhaled maintenance pharmacotherapy (see Assessment of Variables, below) between 1st January 2006 and 31st December 2010. For this purpose, we used the SPDR, which records all medications dispensed by the Swedish pharmacies, excluding storage in hospitals and nursing homes. Finally, we excluded 3640 patients who died during 2011 and 330 patients who had resided in Sweden for less than 5 years at baseline.

In summary, the study population consisted of 49,019 patients with a hospital COPD diagnosis. The patients were 35--80 years old and had resided in Sweden for at least 6 years by 31st December 2011. All patients had complete information on demographic and socioeconomic variables and were using inhaled maintenance pharmacotherapy before 31st December 2010 ([Figure 1](#F0001){ref-type="fig"}). Figure 1Flowchart indicating the selection of patients in the study sample.

Ethical Statement {#S0002-S2002}
-----------------

The Regional Ethics Review Board in southern Sweden (no. 2012/637), as well as the data safety committees from the National Board of Health and Welfare and from Statistics Sweden, approved the construction of the database.

### Data Accessibility {#S0002-S2002-S3001}

The original databases are available from the Swedish National Board of Health and Welfare, and Statistics Sweden. In Sweden, register data are protected by strict rules of confidentiality[@CIT0023] but can be made available for research after a special review that includes approval of the research project by both an Ethics Committee and the authorities' own data safety committees. The Swedish authorities under the Ministry of Health and Social Affairs do not provide individual-level data to researchers abroad. Instead, they normally advise researchers in other countries to cooperate with Swedish colleagues and analyse data in collaboration according to standard legal provisions and procedures.

Assessment of Variables {#S0002-S2003}
-----------------------

### Discontinuation of Inhaled Maintenance Medication (the Outcome Variable) {#S0002-S2003-S3001}

We first retrieved information from the SPDR. Thereafter, we defined inhaled maintenance medication as any dispensation of the following substances: long-acting β~2~-agonists (LABA), including salmeterol, formoterol and indacaterol; long-acting muscarinic antagonists (LAMA), including tiotropium bromide; and combinations of LABA and inhaled corticosteroids (LABA-ICS), including formoterol and budesonide, salmeterol and fluticasone, and formoterol and beclometasone. We specify the Anatomical Therapeutic Chemical Classification system (ATC) codes of these substances in the [[supplementary material](https://www.dovepress.com/get_supplementary_file.php?f=247368.pdf)]{.ul}. The Stata do-file can easily be adapted by readers for use on their own data.

Based on the Swedish guidelines at the time of the study,[@CIT0007] we assumed that the patients in our sample fulfilled the criteria for inhaled maintenance medication since they all had a COPD diagnosis in the NPR as well as previous inhaled maintenance medication in the SPDR. We defined "discontinuation" as the absolute lack of retrieval from a pharmacy of inhaled maintenance medication between 1st January and 31st December 2011.

### Sociodemographic Variables {#S0002-S2003-S3002}

We defined three age categories: 35--49, 50--64 and 65--80 years. These cut-off values were chosen to create three groups with a similar age-span and to separate individuals aged 65 and older, as 65 years is the official age of retirement. Gender was defined in a binary manner according to legal sex as male or female. We used information on individualized disposable family income for the years 2000, 2005 and 2010 to compute a cumulative measurement that is more stable to temporary fluctuations in income than single measurements.[@CIT0024] We used information on absolute income, which takes into account the size of the household and the consumption weight of the individuals. In each of the three years, income was categorized into 25 groups (coded 1--25) by quantiles using the complete Swedish population. The groups from the three years were then summed up, so a patient could have a value between 3 (always in the lowest income group) and 75 (always in the highest income group). Thereafter, we categorized the cumulative income in three groups by tertiles. Individuals with missing values for income during 2000 or 2005 (N=381) were assigned the tertile values of the year 2010. No individuals in our study population had missing income data for 2010.

Finally, we created a multicategorical sociodemographic variable composed of 18 sociodemographic contexts consisting of all possible combinations of categories of gender, age and income-level variables (2×3×3).

### Geographical Information {#S0002-S2003-S3003}

At the time of our study, Sweden was divided into 21 counties, and each patient was assigned to the county where the individual resided on 31st December 2010.

### Multicategorical Geographical and Sociodemographic Matrix {#S0002-S2003-S3004}

For the purpose of the cross-classified multilevel analyses (see the description in the following subsection), we created a multicategorical matrix with 372 strata defined by the unique combinations of the 18 sociodemographic contexts and the 21 counties (ie, 18×21 minus 6 empty strata).

Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MAIHDA) {#S0002-S2004}
------------------------------------------------------------------------------------

### Two-Way Cross-Classified Multilevel Model {#S0002-S2004-S3001}

We analysed the risk of discontinuation of the patients using cross-classified multilevel logistic regression models with COPD patients simultaneously nested within 18 sociodemographic contexts and within 21 counties. Underneath these two higher levels of analysis, there were the 372 strata.

To avoid giving a higher weight to patient categories with a large number of individuals, as in the case of a traditional single-level analysis, we calculated the average proportion of discontinuation across the geographical and sociodemographic categories. We also considered the reliability and precision of the strata information by using multilevel models, as they are based on reliability-weighted strata residuals (ie, shrunken residuals) and average proportions.[@CIT0025]

In addition, crude geographical (eg, county) differences in discontinuation may be confounded by the different composition of the counties in relation to the demographic and socioeconomic characteristics of the patients. Analogously, sociodemographic categories may be confounded by the different health-care management policies of the counties where the patients reside. Ideally, to investigate county and sociodemographic differences, they should be disentangled from one another. Therefore, we performed a two-way cross-classified multilevel model that decomposes the higher level variance into county and sociodemographic components. Let $\documentclass[12pt]{minimal}
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$${\beta _0}$$
\end{document}$, is the average proportion (on the log-odds scale) of discontinuation (ie, grand mean) across all counties and sociodemographic categories, defined as the 372 strata.

This model has three purposes:

1\. Mapping county and sociodemographic differences in discontinuation risk

The first purpose was to obtain an improved mapping of how the individual risk of discontinuation is distributed across counties and sociodemographic strata. We use the predicted random effects (ie, shrunken residuals) from the multilevel regression to calculate the absolute risk (AR) of discontinuation and its 95% credible interval (CI) in each sociodemographic context and county. To do so, we transformed the predicted logit of discontinuation into predicted proportions.

For the county-level prediction, we used the following formula, and calculated the absolute risk (AR~*C*~): $$\documentclass[12pt]{minimal}
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$${\rm{A}}{{\rm{R}}_C} \equiv {\pi _k} = {\rm{logi}}{{\rm{t}}^{ - 1}}\left({{\beta _0} + {v_k}} \right) \equiv {{\exp \left({{\beta _0} + {v_k}} \right)} \over {1 + \exp \left({{\beta _0} + {v_k}} \right)}}$$
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For the sociodemographic context prediction, we used the following formula: $$\documentclass[12pt]{minimal}
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\begin{document}
$${\rm{A}}{{\rm{R}}_{SD}} \equiv {\pi _j} = {\rm{logi}}{{\rm{t}}^{ - 1}}\left({{\beta _0} + {u_j}} \right) \equiv {{\exp \left({{\beta _0} + {u_j}} \right)} \over {1 + \exp \left({{\beta _0} + {u_j}} \right)}}$$
\end{document}$$

Observe that in Formulas 2 and 3, the predictions isolate the county and sociodemographic differences while holding the other source of differences constant and, in this way, the values are adjusted for each other.

An advantage of multilevel modelling is that in the presence of higher level units with a small number of patients, the shrunken residuals enable one to obtain precision-weighted AR predictions and also to overcome the limitation of model convergence in the presence of small groups.[@CIT0025],[@CIT0026]

The graphical or tabulated representation of the ARs facilitates the evaluation of how the individual risk of discontinuation is distributed across counties of residence and sociodemographic contexts. However, this information is based on differences between average ARs, and it does not inform us about individual patient heterogeneity around such averages.[@CIT0014] Therefore, for a complete evaluation, the mapping of risk needs to be accompanied by measures of county, sociodemographic context and individual patient components of variance and/or discriminatory accuracy.

2\. Evaluating the components of variance: the variance partition coefficient (VPC)

The second purpose, therefore, was to take into account the individual heterogeneity around the averages and quantify the share of the total individual differences in the latent propensity of discontinuation that existed at the different levels of the analysis. Consequently, we calculated a VPC based on the latent response formulation of the model, as it is an approach widely adopted in applied work.[@CIT0027]--[@CIT0029]

The VPC for the county level (*VPC~C~*) informs on the share of the total individual differences in the underlying propensity for discontinuation that existed at the county level. The $\documentclass[12pt]{minimal}
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$${\rm{VP}}{{\rm{C}}_{\rm{C}}}{\ }$$
\end{document}$expresses what has been called the general contextual effect;[@CIT0014] that is, the potential ceiling influence of the geo-administrative boundaries of the counties on the individual outcome without any other specific county-level information. The higher the $\documentclass[12pt]{minimal}
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\end{document}$, the higher the county general contextual effect; in other words, the more relevant the county context for understanding individual variation in the latent risk for discontinuation. We computed the $\documentclass[12pt]{minimal}
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$$VP{C_C} = {{\sigma _v^2} \over {\sigma _v^2 + \sigma _u^2 + {{{\pi ^2}} \over 3}}}$$
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$$ \pi $$
\end{document}$ denotes the mathematical constant 3.1416, and $\documentclass[12pt]{minimal}
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$${{{\pi ^2}} \over 3} = 3.29$$
\end{document}$ is the variance of the standard logistic distribution. We then multiplied the $\documentclass[12pt]{minimal}
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$$VP{C_C} $$
\end{document}$ by 100 and interpreted it as a percentage.

Analogously, the VPC for the sociodemographic level ($\documentclass[12pt]{minimal}
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$$VP{C_{SD}} = {{\sigma _u^2} \over {\sigma _v^2 + \sigma _u^2 + {{{\pi ^2}} \over 3}}}$$
\end{document}$$
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\end{document}$ can be directly compared with each other in order to evaluate the relative relevance of geographical versus sociodemographic factors when it comes to understanding patient differences in the latent propensity of discontinuation.

3\. Evaluating the discriminatory accuracy (DA) of the information on county of residence and sociodemographic context

A well-known measure of DA is the area under the receiver operating characteristics curve (AUC).[@CIT0014],[@CIT0030] The AUC measures the accuracy of geographical and/or sociodemographic information for discriminating patients according their treatment status (discontinuing or not).
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\end{document}$.[@CIT0014],[@CIT0031] One advantage of the use of the AUC is that this measure is already an established concept in clinical epidemiology.

### Software and Estimation Methods {#S0002-S2004-S3002}

All models were run in MLwiN 3.02,[@CIT0032] called from Stata 14.1 using the runmlwin command.[@CIT0033] We note that MLwiN can equally be called from within R using the R2MLwiN package,[@CIT0034] and so our analysis can also be replicated by readers in that statistical package.

We performed all estimations via Markov chain Monte Carlo (MCMC) methods with diffuse (vague, flat or minimally informative) prior distributions for all parameters. We used quasi-likelihood methods to provide starting values for all parameters. For each model, the burn-in length and monitoring chains were set to 5000 and 10,000 iterations. We analysed the parameter chains and standard MCMC convergence diagnostics to evaluate whether the model was adequate.

An advantage of the MCMC is that the resulting parameter chains can be used to construct 95% credible intervals (CI) for all model predictions to communicate statistical uncertainty. MCMC is easy to apply using available software.[@CIT0032],[@CIT0035],[@CIT0036]

An advantage of our approach is that the multilevel analyses can be performed using a simple table or matrix with the 372 strata. The only information necessary for the analysis is the number of patients and the number of cases with discontinuation in each stratum. This aggregated approach maintains the joint distribution of the socioeconomic strata and the counties and provides exactly the same model results (parameter estimates, predictions and standard errors) as when analysing the underlying individual-level data. The aggregated approach allows a large number of patients to be analysed in just a few hundred strata, which leads to computationally efficient (fast) estimation. In addition, working with tabulated data reduces ethical problems of confidentiality (statistical disclosure).

The Stata do-file used for our analysis is available as [[supplementary material](https://www.dovepress.com/get_supplementary_file.php?f=247368.pdf)]{.ul}.

### Auditing Sociodemographic and Geographical Differences in Discontinuation of Inhaled Maintenance Medication {#S0002-S2004-S3003}

In traditional analysis, geographical (ie, county) differences are evaluated by means of figures (eg, league tables) and sociodemographic differences are appraised by measures of association such as odds ratios or relative risks (ie, socioeconomic gradients). In both cases, the information is only based on differences between group averages. However, as explained in a previous publication,[@CIT0017] in order to perform an improved epidemiological evaluation of sociodemographic and geographical differences in discontinuation, we need at least two types of information.

First, we need a predetermined benchmark or target value informing on the highest percentage of patients with discontinuation that is considered as acceptable. Ideally, this target value should be zero, since there are no formal reasons for discontinuation once maintenance with inhaled therapy is indicated. However, based on standards of ≥90% treatment proposed among Danish COPD patients with documented dyspnoea[@CIT0037] and findings of a prevalence of non-adherence of 5% among patients attending pulmonary outpatient clinics in Denmark,[@CIT0011] we propose a benchmark of 10%, which could be acceptable considering that in some cases medication can be discontinued because of side effects or because the COPD diagnosis was incorrect. Therefore, we propose that a percentage under 10% should be considered as a full achievement, between 10% and 15% as a close achievement and \>15% as an insufficient achievement. However, further studies are needed to establish an appropriate benchmark level and the level of achievement. In our study, rather than the country proportion of discontinuation, we used the average proportion (ie, grand mean) across the 372 strata defined in the multicategorical geographical and sociodemographic matrix.

The main questions that we asked in the evaluation were: Has the benchmark value been insufficiently, closely or fully reached? What is the size of the inequities between the counties and between sociodemographic groups? To answer these questions, we created a framework ([Table 1](#T0001){ref-type="table"}) with 15 scenarios combining benchmark value achievement and the size of the county/sociodemographic difference measures according to the VPC and the AUC. First, we located the overall achievement in relation to the predefined benchmark value of acceptable prevalence of discontinuation. Second, we quantified the size of the county and sociodemographic differences expressed as VPC and AUC. Those scenarios can be used to orient the interpretation of an analysis. Table 1Framework for Evaluating Continuity of Maintenance Medication Among COPD PatientsSize of the County/Sociodemographic DifferencesBenchmark Value AchievementFullCloseInsufficient$\documentclass[12pt]{minimal}
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Results {#S0003}
=======

[Table 2](#T0002){ref-type="table"} presents the characteristics of the 49,019 COPD patients and absolute risk of discontinuation by county of residence, and [Table 3](#T0003){ref-type="table"} by sociodemographic category. There was a slight overrepresentation of women, and the mean age was around 68 years. In the whole country as well as in all counties except Stockholm, low income was overrepresented in the COPD patient population.Table 2Characteristics by CountyCountyNumber of PatientsAR-D Crude (%)AR-D Adjusted^a^ (%)Female (%)Mean Age (Years)Income Group (%)HighMiddleLowStockholms län10,02821.0125.8057.1467.5031.4636.3532.19Uppsala län169916.4820.7754.9767.2522.6637.0840.26Södermanlands län160416.7721.2156.8067.7621.3237.6641.02Östergötlands län226415.2819.7355.3067.7220.3236.7542.93Jönköpings län175915.8620.3153.2167.9618.6538.2643.09Kronobergs län90916.1720.9353.9168.0719.4740.2640.26Kalmar län133017.7421.9453.8367.8817.7436.5445.71Gotlands län33120.2422.7450.4567.3513.9034.4451.66Blekinge län85018.1222.0953.0667.7617.0641.0641.,88Skåne län803417.7021.8456.9767.2821.5535.6942.77Hallands län152316.4121.1755.8868.3124.4337.1638.41Västra Götalands län756719.6524.2157.3168.1119.4136.9143.68Värmlands län116113.8719.1553.6668.5715.9333.7650.30Örebro län159717.4121.3654.1667.1716.9135.8247.28Västmanlands län132418.8822.6756.3467.1918.9638.4442.60Dalarnas län139417.2921.6055.2467.9716.4339.3844.19Gävleborgs län135817.8222.1257.7368.2217.4536.1646.39Västernorrlands län108316.9921.3556.1467.8519.8534.4445.71Jämtlands län60218.4422.5458.8068.2616.9437.3845.68Västerbottens län115018.0022.3957.8368.7017.4839.9142.61Norrbottens län145219.2823.5455.6568.4419.7041.1839.12Sweden49,01918.3621.8656.2567.7522.0836.9141.01[^3] Table 3Number of Patients and Absolute Risk of Discontinuation by Sociodemographic CategorySociodemographic GroupNumber of Patients (N)AR-D Crude (%)AR-D Adjusted^a^ (%)65--80 male high353017.6516.7165--80 male middle591317.7417.0765--80 male low573118.7918.2250--64 male high152821.5320.5950--64 male middle183124.3023.3950--64 male low228826.7925.6135--49 male high11529.5726.5435--49 male middle16134.7831.5835--49 male low34736.6034.0565--80 female high355514.7413.8165--80 female middle707015.3014.5665--80 female low781315.3314.8550--64 female high202615.2014.5550--64 female middle290417.8417.2450--64 female low309121.5120.7235--49 female high6823.5321.7935--49 female middle21432.2429.5835--49 female low83431.7730.46Total49,01918.3621.86[^4]

Overall in Sweden, 8998 patients discontinued inhaled maintenance medication during 2011, giving a national prevalence close to 18%. However, the crude county averages ranged between 14% in Värmland and 21% in Stockholm. The national average percentage of discontinuation across the geographical and sociodemographic strata and accounting for the reliability of the information was 21.9% (95% CI 19.1--25.0%). [Table 4](#T0004){ref-type="table"} illustrates the results from the cross-classified multilevel model of discontinuation. Table 4Results (95% Confidence Intervals) from the Multilevel Cross-Classified Analysis of County and Sociodemographic Context in Relation to Discontinuation of Inhaled Maintenance Medication in 2011, Among 49,019 Patients with COPDVarianceCounty level0.012 (0.005--0.026)Sociodemographic category0.174 (0.082--0.352)**VPC (%)** County level0.35 (0.15--0.75) Sociodemographic context4.98 (2.42--9.63)**AUC** County level ($\documentclass[12pt]{minimal}
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According to the framework presented in [Table 1](#T0001){ref-type="table"}, the county differences were very small since the $\documentclass[12pt]{minimal}
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The cross-classified multilevel model provided information on the predicted average risk of discontinuation for the 21 counties and the 18 sociodemographic contexts simultaneously adjusted for each other. The adjusted county average risk of discontinuation ranged between 19% in the county of Värmland and 26% in the county of Stockholm ([Figure 2](#F0002){ref-type="fig"}). The sociodemographic differences were more pronounced than the geographical ones. They varied between 14% in 65--80-year-old women with high income and 34% in 35--49-year-old men with low income ([Figure 3](#F0003){ref-type="fig"}). Discontinuation decreased with age, but we did not find clear income gradients. The pattern of discontinuation across sociodemographic categories was similar in men and women, with men having a marginally higher proportion of discontinuation. This difference was not obvious in young patients. However, it was conclusive for patients aged 50--64 and 65--80 years across all three income categories. Figure 2Adjusted absolute risk differences by county. Adjusted differences between the 21 counties in discontinuation of inhaled maintenance medication among 49,019 COPD patients according to the cross-classified multilevel model.Figure 3Adjusted absolute risk differences by sociodemographic category. Adjusted differences between the 18 sociodemographic categories in discontinuation of inhaled maintenance medication among 49,019 COPD patients according the cross-classified multilevel model.

An appropriate interpretation of the observed county and sociodemographic differences in [Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"} needs to be made in the light of the information provided by the VPC and the AUC ([Tables 1](#T0001){ref-type="table"} and [4](#T0004){ref-type="table"} and [Figure 4](#F0004){ref-type="fig"}). [Figure 4](#F0004){ref-type="fig"} shows the AUCs for the county and the sociodemographic information, and it illustrates very clearly their low discriminatory accuracy. Figure 4Area under the receiver operating characteristics curve (AUC) for the county and for the sociodemographic information as predictors of discontinuation of inhaled maintenance medication among COPD patients in Sweden with previous maintenance treatment.

In summary, at the time of our study, there were very small county differences and the sociodemographic inequalities were small, but the proportion of discontinuation was unjustifiably high overall in Sweden. Geographical differences in discontinuation of inhaled maintenance medication can be placed in scenario C and the sociodemographic differences in scenario F (see [Table 1](#T0001){ref-type="table"}) in the framework that we propose.

Discussion {#S0004}
==========

We aimed to evaluate geographical and sociodemographic differences in discontinuation of maintenance with inhaled medication therapy. As far as we know, our study is original in this area and it demonstrates a high prevalence of discontinuation in Sweden. The discontinuation rate across all geographical and sociodemographic categories was 21.86% and, overall, around 18% of the COPD patients who should be on maintenance therapy were not dispensed any such medication during a whole year. While we found statistically significant average differences between both county and sociodemographic strata, those differences only explained very small (geographical case) and small (sociodemographic case) proportions of the individuals' propensities for discontinuation. Both the VPC and the AUC indicated that discontinuation presented a homogeneous distribution across counties in Sweden. Sociodemographic categorizations appeared to have a higher relevance than counties as determinants of discontinuation.

Our results indicate that measures to reduce the discontinuation of inhaled maintenance medication could be improved among COPD patients in Sweden. Using our proposed benchmark of 10%, the prevalence of discontinuation was double the desired level. However, neither counties nor sociodemographic factors seem relevant to understanding patient discontinuation. Other geographical and sociodemographic contexts may play a more relevant role for understanding patients' adherence to inhaled medication. For example, the clinics where patients are treated on a regular basis and even physician-prescribing behaviour have been shown to be relevant for adherence to other medications, such as statins.[@CIT0038],[@CIT0039] In addition, in countries with different health-care systems, counties and sociodemographic factors may have a larger influence on adherence.

The prevalence of discontinuation in our study was similar to that observed in previous publications,[@CIT0040]--[@CIT0042] in spite of different definitions of medication adherence/discontinuation being used. Haupt et al[@CIT0041] saw that among patients who had received any inhaled medication, 24% received it only once during a 5-year period. However, short-acting pharmacological agents that may be prescribed for non-chronic conditions were included in that study. In another study, Sundh et al[@CIT0040] found that 22% of COPD patients treated at hospitals lacked prescribed maintenance medication. Those results concerning discontinuation, low-dosage coverage or no maintenance treatment on discharge from hospital are in line with our findings.

The high prevalence of discontinuation may have several explanations. Compliance with COPD medication is influenced by many different factors. One possible reason for the high prevalence of discontinuation is offered by publications suggesting a considerable prevalence of COPD overdiagnosis.[@CIT0043],[@CIT0044] If COPD was erroneously diagnosed, the patient would not benefit from maintenance medication and discontinuation would be an adequate response to an incorrect diagnosis. In this scenario, discontinuation of therapy could be a relevant process indicator of COPD health-care quality.

The negative association between age and therapy discontinuation could be explained by the findings by Ingebrigtsen et al[@CIT0011] that adherence and use of maintenance therapy increase with the increased severity of COPD, since COPD is often more severe among older patients. Tottenborg et al presented similar results regarding the relationship between young age and non-use of maintenance therapy, in a Danish cohort study of COPD patients.[@CIT0010]

As indicated in [Figure 3](#F0003){ref-type="fig"}, and while not statistically significant in all age categories, we found men to have a higher absolute risk of therapy discontinuation than women, which is in line with previous research.[@CIT0040],[@CIT0045] Possible explanations include findings that the lung function of female smokers deteriorates more rapidly than among male smokers, causing more severe COPD[@CIT0046],[@CIT0047] and, thereby, increased adherence with maintenance therapy. However, we need more research on gender disparities in COPD maintenance treatment.

Finally, we did not find obvious income gradients in discontinuation, except among middle-aged women. This observation is in line with findings of small differences in adherence across income groups in Denmark.[@CIT0010] The absence of effect of income on propensity of discontinuation could be explained by the Swedish reimbursement scheme for prescription medication, which is available for all individuals residing in Sweden, and has a co-payment ceiling that by 2011 was at SEK 1800 (\~EUR 180) in a given 12-month period. It is also possible that higher disease severity among patients with low income increases adherence and counterbalances a possible income gradient. However, we did not have access to information on COPD severity. In any case, because of the limited success in reducing socioeconomic disparities achieved by behavioural interventions,[@CIT0048] socioeconomic determinants of health higher up in the causal pathway should be addressed in order to reduce inequalities.

It is possible that using only three categories of age and income may result in an underestimation of the variance attributed to the sociodemographic level and wider credible interval. Therefore, we performed a sensitivity analysis using, besides the two categories of sex, nine categories of age and 25 categories of income. In this analysis, the VPC=2.7% (CI: 2.0--3.5%) was lower than in the primary analysis. In absolute terms, our conclusion on the low/moderate relevance of the sociodemographic context remains in both analyses. Using the AUC rather than the VPC values indicates that a finer categorization (ie, AUC=0.59) does not improve the discriminatory accuracy of the original sociodemographic categorization (ie, AUC= 0.57). However, a more detailed categorization would result in more empty cells.

As a supplementary analysis, we also investigated potential interaction effects between county of residence and sociodemographic strata by constructing a third interaction model (see elsewhere for details and an empirical example[@CIT0049]). However, we did not find any obvious interaction, suggesting that the degree of sociodemographic inequalities varies across different counties.

Strengths and Limitations {#S0004-S2001}
-------------------------

The major limitation of this observational register study is the lack of information on the disease stage and COPD severity of the patients. Since both overdiagnosis and underdiagnosis of COPD are common problems, it is likely that we have both missed COPD patients who ideally should be included and included some patients with erroneous COPD diagnoses. According to the guidelines in Sweden at 2010, all individuals with COPD stages 2, 3 and 4 should be prescribed a bronchodilator as maintenance therapy.[@CIT0007] The study population consisted of individuals treated at hospitals, and with previous prescriptions of LAMA, LABA or LAMA/LABA. Therefore, we assumed that all COPD patients included in our study had COPD stage 2 or higher and needed maintenance therapy. While our assumption seems very probable, we need further studies with exact information on COPD stage since patients with more severe disease have better adherence compared to those with milder cases.[@CIT0050] We did not have information on the type of inhaler or the frequency of dosing, which also influence adherence.[@CIT0051] Another limitation is that patients who are treated only in primary health care are not covered by the NPR.

Overall, the data used in this study are of high quality since all socioeconomic parameters are based on national registers. A total of 3636 individuals died during 2011 and it cannot be ruled out that this fact introduces a selection bias. Since follow-up was only one year and the proportion of patients who died during the follow-up time accounted for 6.9% of the study population, we do not think that it would alter our conclusions if we ran a survival analysis instead. In a sensitivity analysis where the patients who died during 2011 were not excluded, we found similar results. Our results are based on a large database comprising all patients with COPD diagnosed at hospital wards or specialist outpatient clinics. The validity of the ICD diagnoses of COPD has been judged to be suitable for epidemiological research.[@CIT0052]

Another strength of this study is the application of measurements of discriminatory accuracy for investigating socioeconomic and geographical inequities in both public health[@CIT0016],[@CIT0053] and health-care epidemiology.[@CIT0014],[@CIT0054] For instance, in order to assess whether it would be preferable to target certain groups (eg, counties or sociodemographic strata) or to perform a universal intervention, we need measures of general contextual effects. If the general contextual effect is low, targeting only those counties or strata with a high average risk may lead to inefficient interventions, and also raises ethical issues related to risk communication and the perils of stigmatization of individuals from specific strata.[@CIT0055]

Multilevel models have a number of advantages compared to traditional single-level models and we refer to previous publications for extended explanations.[@CIT0028],[@CIT0029],[@CIT0056]--[@CIT0061] However, the present study emphasizes the advantage of using average proportions based on the reliability-weighted strata rather than on the population of individuals, especially when the interest focuses on measuring the proportion of patients with a specific quality indicator (eg, discontinuation of maintenance medication in our case) in relation to geographical and sociodemographic categories.[@CIT0025] The crude proportion of patients with discontinuation may provide information on the burden of discontinuation in, for instance, the country, but it is less representative of the county and sociodemographic contexts of interest in this study.

Implications and Conclusions {#S0005}
============================

The MAIHDA methodology used in this study converges with the current movement of precision (ie, individualized, personalized, stratified) medicine, and its efforts towards understanding not only differences between group averages but also individual heterogeneity around such averages. Nevertheless, a fundamental conceptual distinction exists between the MAIHDA and individualized medicine: rather than considering only individual characteristics, MAIHDA tries to identify the components of individual heterogeneity in health that are at different contextual levels of analysis. The fundamental statement is that individual and population health are not dislocated study objects. Rather, we need to consider the existence of a continuous distribution of individual outcome heterogeneity that can be articulated at different levels of analysis.[@CIT0015],[@CIT0018]

One key question for policy makers is to what degree public health interventions should be universal (ie, similarly directed towards the whole population) or targeted to specific groups. The framework outlined in this study provides a tool to guide such decisions. If the insufficient overall achievement had been accompanied by large disparities, as in scenario O in [Table 1](#T0001){ref-type="table"}, targeted health interventions would be justified for categories above the benchmark value. For the case of discontinuation of COPD maintenance medication (scenarios C and F), our results support the public health concept of proportionate universalism.[@CIT0062],[@CIT0063] Since the overlap between both county and sociodemographic strata is substantial, interventions to improve adherence need to be universal and not exclusively target those groups with increased risk of discontinuation. However, the existence of small sociodemographic disparities and even smaller county-level disparities means that interventions should be proportionately more intense among sociodemographic strata with higher average risk of discontinuation, and to a lesser extent in counties with increased risk of discontinuation. One example of an efficient universal intervention is presented by Tottenborg et al,[@CIT0064] who showed how a systematic quality improvement initiative managed to eliminate socioeconomic inequalities in COPD health care. Such universal incentives should be initiated in sociodemographic strata and counties with higher risk of discontinuation. Our study demonstrates the use of MAIHDA to assess differences between geographical areas (ie, counties) and between sociodemographic contexts. Evaluations of geographical differences in health-care performance should always consider sociodemographic factors, and MAIHDA is an appropriate tool to perform such analyses.

Abbreviations {#S0006}
=============

AUC, area under the receiver operating characteristics curve; COPD, chronic obstructive pulmonary disease; CI, confidence interval; DA, discriminatory accuracy; NPR, National Patient Register; SPDR, Swedish Prescribed Drug Register; GCE, general contextual effect; MAIHDA, multilevel analysis of individual heterogeneity and discriminatory accuracy; VPC, variance partition coefficient.
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[^2]: **Notes:** The table outlines a two-dimensional evaluation of continuity with maintenance medication. First, we locate the overall achievement in relation to a predefined benchmark value. Second, we quantify the size of county and sociodemographic differences expressed as variance partition coefficient (VPC) and area under the receiver operating characteristics curve (AUC). Combining this information, we obtain 15 different scenarios (A--O) useful to the evaluation.

[^3]: **Notes:** Characteristics of the 49,019 COPD patients by county of residence and sociodemographic factors, as well as absolute risk for discontinuation (AR-D) of inhaled maintenance medication in 2011. Values are percentages if not otherwise indicated. ^a^Estimated from the cross-classified MAIHDA.

[^4]: **Notes:** Number of patients by sociodemographic group, as well as crude and adjusted absolute risk for discontinuation (AR-D) of inhaled maintenance medication in 2011. Values are percentages if not otherwise indicated. ^a^Estimated from the cross-classified MAIHDA.

[^5]: **Abbreviations**: VPC, variance partition coefficient; AUC, area under the receiver operating characteristics curve.
